By C. G. TEALL, M.B.
In the short time at my disposal I shall restrict myself to the considerationall too brief I am afraid-of certain bone dyscrasias which may be of interest to radiologists who do not have the opportunity to work in a children's hospital, for although I have seen most of these conditions with reasonable frequency at the Children's Hospital, Birmingham, I have seen them only rarely at the general hospital to which I am attached.
The first condition to which I would draw your attention is rickets. Rickets is a, deficiency disease characterized by an imbalance of the calcium/phosphorus equilibrium of the blood, due to a deficiency of vitamin D. It is a general disease of metabolism and affects the whole body, but its effects are seen to a remarkable degree in the bones, which not only serve as an indication of the type and severity of the disease, but also supply reliable information as to its progress and cure. Not only do the bones show signs of the development of rickets at a very early stage in the disease, but at an equally early stage they show evidence of a commencing healing.
For the purpose of establishing the presence of rickets, the anterior ends of the ribs would, owing to their structure, supply the earliest radiographic evidence, but unfortunately their situation does not allow of a sufficiently accurate examination. In actual practice, therefore, one chooses to examine the lower ends of the forearm bones, for the reason that they are superficially placed and not obscured by overlying tissues and can be examined with reasonable ease even in a fretful, ill child. Just how tiresome a child with rickets can be, from the radiologist's point of view, only those who have to examine such children know. Considerable patience is required,. for good films are essential in order to make a diagnosis in an early case, and one of the signs of rickets-cupping of the bone-end-can easily be simulated by incorrect Proceedings of the Royal Society of Medicine 48 positioning. I would mention at this point that in my experience, patience and tactful handling of the patient are far more useful than any form of restraining apparatus, in radiography of children.
The earliest signs of rickets are seen at the ends of the long bones, but it is necessary to look at the quickly growing end and not at the slowly growing one. While in experimental rickets the earliest sign is a widening of the epiphyseal linea very useful sign in the examination of rats for instance-this is not sufficiently evident in young chjildren to be of diagnostic value, for the reason that only a small proportion of the epiphysis is ossified. The earliest sign is that the end of the metaphysis, which normally is quite smooth and regular, becomes frayed. If the child is very ill and lies still, whilst the fraying will become more pronounced and the epiphyseal line become obviously wider than normal, the appearance of the bone will not pass on to the pronounced stage of obvious rickets seen in more active children and indicated by the characteristic CUppiDg of the end of the metaphysis. The end of the shaft becomes splayed out and curved round the epiphysis and has the appearance of a champagne glass. This cupping is more pronounced in some bones than otbers, and depends on their normal shape; it is well seen in the lower end of the radius-and even better in the lower end of the ulna-but it is not seen where *the end of the bone is normally convex-the lower end of the humerus for instance.
While in the early stage of the disease one has to look at the end of the bone for radiographic evidence, as the condition progresses changes in the shaft of the bone make their appearance. There is a general diminution in the density of the bone which in advanced cases may be very marked, so that the bones may look, as Park has so admirably described them, like ghosts of themselves. The bone -trabeculae become opened out and coarse, and gradually the cortex becomes indis--tinguishable. At the same time the periosteum is laying down osteoid, although until healing commences this is not visible, owing to lack of calcium. The shaft of the bQne is very fragile, and multiple fractures occur which may be discovered for the first time at the radiographic examination.
In the skull one finds evidence of craniotabes, although in my experience this has not been so obvious radiographically as it appears to be clinically. It is usually seen on the posterior aspect of the skull.
With appropriate treatment rickets can be cured, and evidence of healing is very soon seen in a change in the radiographic appearance. A linear shadow appears behind the epiphysis, distal to the point where the metaphyseal bone ends. It is due to the provisional zone of calcification and, of course, appears at the point which corresponds with the end of the metaphysis, the explanation of the gap between it and the apparent end of the shaft of the bone being that this is occupied by osteoid laid down during the course of the disease which does not contain calcium and therefore does not show on a radiograph. As healing progresses this gap is gradually filled in as calcium is laid down, and eventually it becomes filled with a dense mass of trabeculie. The bone which is laid down from the time when healing commences is, as one would expect, normal, but the bone which replaces the osteoid in this gap is recognizable for from twelve months to two years afterwards, and forms a useful clue in healed cases, when other evidence is lacking that the *child has had rickets. When healing commences at the end of the bones calcium is also deposited in the subperiosteal osteoid, and periosteal layering becomes evident.
With adequate treatment an average case of rickets will be cured in about twelve weeks, and even in severe cases healing may be quite rapid. I know nothing more remarkable in radiography than the rapid change in a case of severe ricketsfrom the stage of intense decalcification and multiple fractures to complete healingin such a comparatively short time.
While simple rickets occurs in infancy and heals in this way, there are other 1387 varieties of simple rickets which either appear later in childhoodtrue late rickets, a condition which would appear to be of extreme rarity-or which appear in infancy and fail to heal-chronic or resistant infantile rickets.
Most of the cases of so-called late rickets are due to one of two conditions. (1) Chronic renal disease-usually chronic interstitial nephritis-in which rickets is associated with renal infantilism. (2) Coeliac disease-in which the infantilism is at certain stages associated with the presence of rickets, while at other stages rickets is absent.
I am rather of the opinion that there is another type, but at present I am not in a position to make any further observation than the fact that certain cases do not appear to fall under the heading of either renal rickets or coeliac disease.
(1) Renal Rickets.-I have described the bone changes in renal infantilism at some length in a previous communication to a Section of this Society.' Although it is a true low-calcium rickets, the appearances may be quite different from those seen in simple rickets. There appear to be two clearly defined types of rickets to be seen in renal infantilism: (a) One in which the bones have an appearance like that seen in simple rickets and may show improvement at such times as the renal function improves; (b) one in which there is a perfectly typical radiographic appearance which is diagnostic of renal rickets. This has been described by Professor Parsons and myself as the "woolly type." The changes are best seen, as in ordinary rickets, at the rapidly growing end of the long bones, but are not in the least like those seen in simple rickets. In the metaphysis one sees evidence of irregular ossification with being separated together with the epiphysis. When separation occurs the dense calcified area may be moved laterally in. relation to the shaft and this, together with calcification spreading out under the periosteum-which is detached if htmorrhage has occurred-will give rise to the bony spurs which are characteristic of scurvy. In the early stages the subperiosteal hemorrhages show no evidence of their presence on a radiograph, and it is not until calcification occurs beneath the separated periosteum at a distance from the shaft that they can be detected. The beomorrhage commences at the end of the shaft and gradually strips up the periosteum towards the middle of the bone-and when haemorrhages occur at both ends the periosteum may in this way be lifted from the whole length of the shaft of the bone. In addition to the dense limiting line to the metaphysis, the epiphysis also shows a similar dense line at its periphery, as do also the small bones of the carpus and tarsus. Here again the appearance of this dense line is accentuated by the structureless bone which it surrounds. These dense lines in the epiphyses and small bones will persist for a very long time-years in many cases-and provide evidence that a child has had scurvy, long after other traces have disappeared.
Congenital syphilis.-I do not propose in this paper to deal with the inflammatory diseases of bone, but in view of its importance in differential diagnosis I shall deal with the appearance seen in the bones in congenital syphilis. Three types of lesion are found in this condition, osteochondritis, osteomyelitis, and periostitis. Of these the changes due to osteochondritis are the most important. They are seen in the metaphysis, which shows a derse shadow at its extremity, with rarefaction in the bone behind this, varying greatly in its extent-there may be only small localized areas or it may extend completely across the bone. Later on, irregular dense fraying is seen at the metaphysis-the saw-tooth appearance, which according to McLean, is pathognomonic of syphilis in the absence of all other signs. As in the case of scurvy, the so-called epiphyseal separationsare really fractures through the much weakened metaphysis. Osteomyelitis occurs as localized areas in the diaphysis, which may appear as punched-out areas on the edge of the bone, as seen in the radiograph, or they may be associated with localized periostitis. Periostitis may occur either independently of the other lesions or in association with both of them. Areas of local thinning of the bones of the skull occur in congenital syphilis, but whetherthese occur in the absence of associated rickets is debated.
From what has been said it is clear that while in typical cases the diagnosis may be quite evident, in certain cases difficulty may arise in distinguishing, on the radiographic examination alone, between rickets, scurvy and congenital syphilis. Bony spurs and periosteal layering occur in all three conditions, and metaphyseal 'fractures occur in both scurvy and congenital syphilis. In general, however, it may be said that in congenital syphilis not only are the bone changes much more irregular than in rickets and scurvy, but they are much more irregularly distributed throughout the bones of the body.
I now pass to the consideration of certain disturbances of the growth of the bones in children.
(1) Achondroplasia.-This is a disturbance of bone growth in which bone formation in cartilage is arrested-it is an aplasia as opposed to a dysplasia-but periosteal bone formation is normal. This causes marked shortening of the limbs, while the trunk may be approximately normal in length. The cause is unknown, and although in the past it has been called feetal rickets, it has no connexion with this disease.
Radiographs of the long bones show an apparent thickening of their shafts, but actually the thickness is normal for the age of the child, and it is their abnormal shortness which gives this impression. The metaphysis is cupped in the case of young children, who have large cartilaginous epiphyses, and later, as the epiphysis becomes ossified, the epiphyseal line is seen to be much narrower than normal. 
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The bones of the vertebral column show similar changes, but they are much less marked. In the skull a premature synostosis occurs at the base, but the cranial bones are normal.
(2) Chondrodysplasia, on the other hand, gives rise to a far more varied picture. Various types of chondrodysplasia have been described by different observers and they are indicated by a variety of different names. Ollier's disease, hereditary deforming chondrodystrophy, multiple cartilaginous exostoses, diaphyseal aclasia and Morquio's dystrophy-the latter called after Morquio, although had particulars of the case which Brailsford showed at a meeting of the Electro-Therapeutic Section of this Society in 1928 been published a little earlier, it might have been associated with the name of one of the members of this Section. It now appears that even the osteopathia condensans disseminata described by Albers Schonberg also comes into the same category. However, since they are all due to a disturbance of bone growth which is congenital in origin and the cause of which is quite unknown, in the present state of our knowledge it seems best to group them all under one head, for all these different conditions are, so far as we know, only varieties of the same defect in bone growth, although its manifestations vary from multiple exostoses to changes in the internal structure of the bone.
Radiographs of the bones show, in varying combination, exostoses, irregular growth of the bone-ends, curvatures, and obliquity of the epiphyses which, although not primarily involved, may be affected secondarily and assume abnormal shapes. Paired bones may be of unequal length. The disturbances of growth are frequently asymmetrical and they may be almost entirely unilateral (as in the cases first described by Ollier). These changes can be appreciated much more readily by the study of the radiographs than by any description it is possible to give, as their variety seems to be legion.
(3) Osteogetesis imperfecta.-Disturbance of the periosteal bone formation gives rise to a different group of cases which may be considered under the title of osteogenesis imperfecta, although here again a number of different names have been used to describe conditions which are, so far as we know at present, essentially variations of the same pathological process, the cause of which is unknown. Osteopsathyrosis, fcetal rickets, annular rickets, fragilitas ossium, and periosteal dystrophy are all names which, together with osteogenesis imperfecta, have been applied to these cases which show an essential fragility of the bones as their outstanding characteristic.
Two types of the disease are recognized, the faetal type and the infantile type, which show quite different radiographic appearances.
In the foetal type the shafts of the bones are short and thick, and in many cases they show marked deformity-the result of old bealed fractures which have occurred during intra-uterine life. In addition to the changes in the long bones, there are also changes to be seen in the skull, due to defective ossification of the cranial bones, which in typical cases show an appearance like a jig-saw puzzle, owing to the fact that they are largely made up of wormian bones. In the majority of cases of the foetal type the infants are eitber stillborn or only live for a short time.
In the infantile type the child appears to be normal at birth, but later an extraordinary fragility of the bones manifests itself. This is usually noticed when the child commences to walk, when fractures occur as a result of trivial injuries; but in certain cases it may be delayed even to adolescence. In spite of the defective ossification of the bones these fractures unite fairly readily.
The radiographic appearance of the bones in cases of this type shows a marked contrast to that seen in the fcetal type. Instead of being thick, the bones are thin. They show a marked attenuation of the cortex, and considerable reduction of the normal trabeculation ; they look fragile. In cases of some standing, deformities of multiple healed fractures are seen. There, is, however, no interference with the epiphyseal growth of bone and the thinness of the shafts of the bones is accentuated Proceedings of the Royal Society of Medicine 52 by the fact that they attain their normal length, exactly the opposite to what is seen in achondroplasia.
(4) Osteosclerosis fragilis.-Another condition which is associated with an essential fragility of the bones is osteosclerosis fragilis. This, again, is a condition described in the literature under different names. Albers-Schonberg's disease, marble bonesrather a misnomer in view of their fragility-and osteopetrosis are all names applied to a condition which was originally described by Albers Sch6nberg in 1904. It is a rare condition-I have seen only one case at the Children's Hospital in fourteen years-and appears to be due to a primary osteosclerosis with secondary changes due to this--anemia, splenomegaly, and optic atrophy. The radiographic appearance of the bones in this condition is very striking. The affected parts of the bones show no ordinary bone structure, but a dense sclerosis which is quite opaque to X-rays, and gave rise to the name " marble bones," which has been applied to the condition. The areas of sclerosis tend to be towards the ends of the long bones, which sometimes show a uniform clublike appearance, but sometimes they occur as transverse bands across the shaft. The bone, which, as seen in the radiograph, looks abnormally strong, is in fact extremely fragile and breaks easily. All the bones in the body are affected, and the changes are well seen in the skull, where the sclerosis and thickening at the base accounts for the optic atrophy.
(5) Xanthomatosis.-In conclusion I should like to mention another rare condition in which the bones are affected secondarily, but which also produces extraordinary appearances-though of quite a different typein the skull. The Schuller-Christian syndrome is one of the manifestations of xanthomatosis and falls in the same category as Gaucher's disease and Niemann-Pick disease.
The first cases of this condition were described by Schiiller in 1915 and the next by Christian in 1919, who described what is now known as Christian's syndrome of "defects in the membranous bones, exophthalmos and diabetes insipidus." It was Rowland in 1928 who first established the fact that the condition was a disturbance of lipoid metabolism in which a deposition of lipoid (in this disease chiefly cholesterol) occurs in xanthoma cells throughout the reticulo-endothelial system. Collection of these xanthoma cells produce gummatous nodules. These occur in connexion with the dura and the periosteum, and also in the bone itself. These masses of xanthoma cells appear to have an extraordinary destructive effect on the bone, for wherever they grow, bone resorption occurs. The condition is not primarily a bone disease at all, but the bone is affected by a sort of pressure atrophy.
The chief bone changes are seen in the skull, although other bones may be affected in a lesser degree. There are extensive bone defects in the calvarium and also at the base of the skull, and the appearance is quite unlike that of any other bone disease with which I am acquainted. The appearance has been variously described as " map-like " and " moth-eaten" both of which terms are quite descriptive. The bone defects are clear-cut and the surrounding bone is normal.
I have mentioned this condition because although up to 1928 only twelve cases had been recorded, there are now records of about sixty. It seems possible, therefore, that as radiologists become more acquainted with the appearance that it produces, the condition may be found to be more common than was originally supposed.
One is constantly meeting with bone dyscrasias and alterations in bone structure which are mystifying and apparently do not fit into any of the known categories. In my experience it has only been by the co-operation of the radiologist and the clinician that we have been able to make advances in working out the bone dycrasias in children. In the Children's Hospital at Birmingham I have been particularly fortunate in that my colleagues have taken such an interest in the radiological side of the work, and I should like to take this opportunity of recording my thanks to them all, and in particular to Professor Parsons, for the help that they have given me.
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Dr. N. B. Capon said that the children's physician owed a great debt of gratitude to the radiologist, because of the difficulties of peediatrics, the lack of symptomatology in many cases, and the occasional failure of the clinical examination to be a very thorough one. The physicians in Liverpool had the special advantage of working with the disciples of Thurstan Holland, whose skill and honesty had set an example which they followed very successfully. He, the speaker, agreed with Dr. Shires that the diagnosis of tuberculosis in its early stage was not possible in many cases by X-ray examination; it waZ of the greatest importance to take into account the history of the child's illness and the general appearance, to make a thorough examination, together with observations of the tubercullin reaction -particularly the intradermal reaction-and to search for organisms in the sputum or, if this was not obtainable, in the stomach washings. As to what the radiologist called evidence of an unresolved pneumonia-a small area of shadow-which often came as a great surprise to the clinician, he doubted very much whether these were pneumococcal areas. Very often in the history there was no clinical evidence of any attack of pneumonia, and when one followed the case up it happened that in from ten to fourteen days the shadow disappeared entirely. He believed that the shadow was due, not to the outpouring of exudate into the alveoli, but rather to small areas of collapse, and possibly in some cases to vascular changes such as congestion.
Dr. J. F. Brailsford said that the essential in radiography of children was speed. The less the child saw of the radiologist and his instrument and the sooner the radiologist made his instantaneous radiograph after the patient was brought into the room, the better and more uniform would be the radiography.
During the past ten years he (the speaker) had examined radiographically all the children submitted from the Infant Welfare Centres of the City of Birmingham; and though rickets was fairly common, scurvy was much less so and the bone dystrophies were relatively rare. The suggestion that these last should be termed dyschondroplasia was open to strong objection. Apart from being a big name which perhaps sounded somewhat impressive, it failed to indicate that the bone lesions previously included under this heading could be classified into very welldefined groups if one had had the good fortune to see examples of these groups at different age-periods as well as in infancy. There had been a tendency in the past to apply the term to every case which presented unusual radiographic features, and having done that, to take little further interest in the case. Though these groups -presented definite characteristic clinical features the diagnosis was essentially based on radiographic appearances which he had already illustrated. Briefly the groups were:
(1) Osteogenesis imperfecta; (2) Albers Schonberg's disease; (3) achondroplasia;
(4) chondro-osteo-dystrophy; (5) multiple chondromata; (6) multiple exostoses;
(7) dystrophies due to endocrine disturbances (thyroid, pituitary, pineal, parathyroid, adrenal, sexual glands; (8) dystrophies due to renal and ccmliac disease.
Achondroplasiac patients were dwarfs having stunted but strongly developed limbs and characteristic skull and facial appearances, and the radiographs showed short thick tubular bones (including the phalanges) with well-developed tuberosities, but no irregularity in the appearance of the ossific nuclei of the epiphyses or their subsequent fusion with the diaphyses. The vertebral column usually showed little departure from the normal, but atypical cases occurred in which this was affected and others occurred in which all the bones of the forearm and leg only were shortened and broadened.
In the group which he had called chondro-osteo-dystrophy the patients were dwarfs having short necks, a prominent sternum, a dorsolumbar kyphosis and marked swelling of the limb joints. The radiograpbs of these patients showed, in childhood, increase in the joint spaces, multiple nuclei for the epiphyses and marked irregularity of the ends of the diaphyses and of the vertebral bodies, particularly in the cervicodorsal and the dorsolumbar areas; and in adolescence marked deformity of the epSiphyses-owing to the irregular ossification-resulting in their inability to withstand the normal weights, stresses, and strains. Eventually the multiple osseous nuclei fused, but the deformity caused during the plastic stage persisted. A number of these cases have been described in the literature as patients showing multiple foci of osteochondritis.
Patients affected with the condition of multiple chondromata exhibited a sbortened limb. The dystrophy was regarded by Ollier as unilateral on this account but even his case, on radiographic examination, showed that, though clinically asymmetrical, the bone lesions were present on both sides. Clinically, therefore, the unilateral appearance of the dystrophy was quite distinct from the symmetry of the two former groups. Radiographs of these patients showed defects in ossification. The lesion in the bone failed to ossify and produced a cyst-like defect. Though the lesions developed in the diaphyses only-another distinctive feature from the two former groups--they sometimes interfered with the growth and development of the epiphyses, resulting in shortening of the markedly affected limb. Later in life isolated chondromata might result in spontaneous fracture or might undergo sarcomatous changes. Multiple exostoses became very apparent towards adolescence though radiographs in early infancy would reveal characteristic osseous tuberosities projecting from the sides of the diaphyseal extremities. Owing to the great development of some of these exostoses, marked deformity and limitation of the limb-joints might be seen, and in some cases the growth of the bones was interfered with and stunting of the limb occurred. Radiographically the lesions were found to be widespread throughout the skeleton. As in the multiple chondromata, the tumours developed in the diaphyses only, though they might interfere with the development of the adjacent epiphyses. The statement, copied from one textbook to another, that these exostoses developed from the epiphyses was incorrect.
All these groups of dystrophies showed a familial tendency. They were frequently found in several members of the same family and often showed a remarkable resemblance in the type, character and distribution of the lesions. He (Dr. Brailsford) emphasized the importance of appreciating the marked irregularities in ossification of the young skeleton, due to thyroid insufficiency, as a number of such cases had been described as examples of osteochondritis. A study of the skeletons of cretins would convince anyone of the significance of this factor. The possibility of a slipped femoral epiphysis being due to renal rickets he had pointed out previously. Dr. Teall had described the condition which-if it must bear any man's nameshould be called Schiiller's disease after Professor Schuller of Vienna, who first drew attention to the remarkable map-like radiographic appearance of the skull, which was typical and diagnostic of xanthomatosis. Every radiologist should make himself familiar with it. Four years later than Schuller, Christian described the syndrome: (1) skull defects; (2) exophthalmos ; (3) diabetes insipidus, which ultimately developed, but to wait for the detection of all these before making the diagnosis was equivalent to failing to diagnose diabetes until gangrene of the limb was seen, for Sosman, Cignolini and several others had shown that in the early days, at any rate, the condition readily responded to X-radiation. A study of the paper by Svenningsen and of that by Frimann-Dahl on this condition in the same number of the Acta Radiologica would be convincing as to the importance of this early diagnosis.
No reference had been made by previous speakers to the importance of radiographs of the chests of children in cases of enlarged thymus or for the detection of opaque and non-opaque bodies in the cesophagus or bronchial tree. A discussion on such aspects would, however, require a whole evening.
